SUMMARY A rapid culture test has been developed and evaluated for the detection of adenovirus in ocular infections. The test requires only two days' incubation of the inoculated cell monolayers on coverslips in flat bottomed tubes followed by detection of adenovirus inclusions using immunofluorescence staining method. The sensitivity of the rapid test is found to be comparable with that of the conventional tissue culture test which depends on the development of a cytopathic effect requiring 2-21 days' incubation (mean 9-4, SD 4.9).
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Adenovirus. ocular infections -occur sporadically throughout the year, and outbreaks are frequent both in the community and in hospitals and other institutions. I-4 In most cases of adenovirus ocular infections, particularly at an early stage, differential diagnosis from other viral, bacterial, and chlamydial infections, and acute allergic conditions is difficult on clinical grounds alone.
Several laboratory tests Sare available for the diagnosis of adenovirus ocular infections. Direct demonstration of the agent in exfoliated cells5-7 is rapid and sensitive but requires high quality smears and strict criteria for identification of viral inclusions. Sensitive serological methods for the detection of adenovirus antibodies are available but require at least two specimens collected 7-10 days apart to show a rise in titre. Isolation of the virus in tissue culture, which relies on the development of cytopathic effect and subsequent identification of virus, is sensitive for the diagnosis of adenovirus ocular infection. However, the major disadvantage of this method is that it may require up to 21 days' incubation period. Results are therefore usually not available to the physician in time to influence his management decisions.
We present here the development of a rapid, simple, and sensitive tissue culture test for the diagnosis of ocular adenovirus infection. Materials Conjunctival swabs were collected and placed in 2SP transport medium with antibiotics' with the addition of 3% v/v fetal bovine serum. All clinical specimens were stored in liquid nitrogen (-180°C) for transport to the laboratory where they were stored at -70°C until cultured.
TISSUE CULTURE AND INOCULATION
HEp2 cells were seeded at the rate of 25 000 to 30 000 per ml of growth medium into tissue culture testtubes (T1) and in flat bottomed tubes (FBT) containing a 13 mm diameter coverslip (E5/R Redhill Surgical Co. Ltd., Glasgow). Growth medium consisted of Eagle's minimum essential medium supplemented with vitamins, glutamine, 10% fetal bovine serum, and antibiotics (vancomycin 100 [ig/ml and streptomycin 50 ,ug/ml). The seeded TT and FBT were incubated at 35°C for 48 hours. At the end of this period growth medium was replaced with maintenance medium (same as growth medium but with only 3% fetal bovine serum).
Equal volumes of samples of laboratory or clinical material were inoculated each into one TT and one FBT containing cell monolayers. Positive and negative controls were always included in each batch of tests.
CONVENTIONAL TISSUE CULTURE TEST
The inoculated TTs were rolled at 35°C and examined on alternate days for cytopathic effect (CPE). Smears S. Darougar Coverslips mounted on staining frames were covered with the antiadenovirus serum and incubated in a humid chamber for half an hour at 35°C. They were then thoroughly washed for 15 minutes in phosphate buffered saline at pH 7-3 by means ofa magnetic stirrer. They were air dried and then covered with the fluorescein conjugated antiserum. Incubation and washing was repeated as before, except for an extra final wash of the coverslips in distilled water for five minutes, before being dried and mounted in buffered glycerol. The coverslips were examined with a Zeiss standard 18UV microscope fitted with a Zeiss filter set 10. Low power (x 160) magnification was used to locate the inclusions, and the quality of the inclusions was checked under high power (x 400) magnification.
The criteria of positivity by this method during the course of this study was the detection of at least two brightly fluorescent particulate inclusions within intact cells (Fig. 1) .
EFFECTS OF CENTRIFUGATION
To investigate the effect of high speed centrifugation on adenovirus isolation rate clinical and laboratory specimens were divided equally into two FBTs. One FBT was centrifuged at 15 000 g for one hour before incubating, and the other was incubated without centrifugation.
Results
Aliquots of 1038 clinical specimens and 58 laboratory strains were inoculated in parallel by the rapid culture test and the conventional tissue culture test. The overall rates of adenovirus isolation by the two culture tests were similar ( Table 2) . Correlation of positivity between the two methods is shown in Table 3 . Table 4 shows the number of days taken for the development of CPE in the conventional tissue culture test. At two days approximately 10% of the 113 adenovirus positive cultures showed CPE, and even at seven days only 45% of the specimens had become positive (Table 4 ). The mean time taken to develop CPE was 9-4 days, SD 4-9.
EFFECTS OF CENTRIFUGATION
To study the effects of high speed centrifugation on adenovirus detection rate 72 specimens (33 clinical isolates and 39 laboratory specimens) were inoculated in duplicate. Adenovirus was detected in 54 of the centrifuged FBTs and in 51 of the non-centrifuged ones. This difference is not statistically significant (X2=-0-8, p=0.36).
Discussion
We have developed and evaluated a rapid culture test for the detection of adenovirus in clinical material. The test requires only two days to complete and has a sensitivity comparable with that of the conventional tissue culture method. The test involves far fewer steps for the detection and identification of the virus than the conventional test (Table 1) and hence is considerably cheaper.
Human embryonic kidney (HEK) cells have been shown to be highly sensitive for the isolation of ocular adenovirus.' In a preliminary study we compared the sensitivity of this cell line with that of HEp2 cells used in this investigation. Adenovirus isolation rate in the two-cell systems did not vary significantly, although the development of cytopathic effect was marginally quicker in the HEK cells (unpublished observations).
In a pilot study using clinical specimens and laboratory strains we compared the sensitivity of the rapid culture test following 24, 48, and 72 hours incubation. The adenovirus detection rate at 24 and 48 hours was 20-5% and 52-5% respectively, whereas the detection rate at 48 and 72 hours was closely comparable. Hence, a 48-hours incubation period was considered as optimum in the rapid culture test.
In our hands the indirect IF staining method has been satisfactory for the detection of adenovirus inclusions. The distinction between positive and negative results was clear-cut. The positive reaction produced bright fluorescent green, particulate, intracellular inclusions, with minimal background staining (Fig. 1) . For IF staining the reagents should be highly specific, and each batch should be titrated before use for maximum sensitivity and minimum background. Positive and negative controls should be carried with each batch of tests to control the quality of tissue culture and staining. In a pilot study we found that the direct IF staining method is also satisfactory and could reduce the staining time by approximately half. However, higher-titre group-specific antiadenovirus antibody is necessary for direct staining.
In this study we set criteria of positivity requiring identification of at least two brightly fluorescent, particulate intracellular inclusions by the rapid culture test. However, during the course of this study in five cases we found only one inclusion in the rapid culture test. Of these, two were also positive for adenovirus by the conventional tissue culture method. Furthermore, such inclusions were never found in negative controls. This leads us to believe that the presence of even one well defined inclusion is adequate for the diagnosis of adenovirus by the rapid culture test.
In spite of good overall correlation between the positivity rates of the rapid and standard culture test it was found that about 36% of the clinical specimens S. Darougar (Table 3) . This may be due to the possibility that very little infective material was present in these specimens. This was confirmed by our findings that, in general, most of the discrepant results were associated either with the presence of a few inclusions in rapid culture test or a small amount of CPE following a long incubation period in the conventional tissue culture test.
The effects of centrifugation have been found to be beneficial for the growth of chlamydiae"' and some viruses," ' ' in tissue culture. In this study centrifugation at 15 000 g appeared to have no significant effect in improving the isolation rate of adenovirus from ocular specimens.
The new culture test is much simpler, cheaper, and faster than the conventional tissue culture test but as sensitive as that test for the detection of adenovirus from ocular infections. The rapidity of the method means that the results may be available in two days instead of up to three weeks taken by the conventional method. Hence this rapid culture test can become a valuable tool in the diagnosis and management of adenovirus ocular infections.
